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16 . '; ' i introduction 

Of the varum* methods available for protein precipitation the classical ammonium 
sulphate tuts some disadvantage. The resulting protein solution often needs to be 
.? ,a, >' Md ^o. 'obioin an ionic <tren^th that allows ion exchange chromatography. This 
problem * avoided when using polyethylene glycol, PEG. Organic solvents, in particular 
ethanol and acetone, often produce extremely fine powder-like precipitates - thai arc 
difficult to centrifuge and handle. They have also been shown often to cause partial 
denaturauon of proteins, which can, for example, prevent Mtbsequcm crystallization, this 
why or^K solvents am not recommended as first-choice precipitating agent*. 

1.4,2.4 Liquid-Liquid Phase Extraction 

A- radically different way of making an 'initial fractionation is bv partitioning in an 
^ucous. polymer liquid-liquid >o phase- system": These systems often contain poly- 
ethylene -glycol, PEG, as one phase constituent and another polymer-such 35 dcxtran or 
even salt. Hit the other Under favourable conditions it is pebble to obtain the protein of 
■interest in the upper, normally the PBG phase. Theconiaminacmg bulk protein as well as ' 
panicles; will ; become collected in the lower phase and can be removed by cent rifvgau'on 
Particles sometimes stay at the interphase and are thus also removed in the centrifuge 
lion step, By covaJent- attachment of affinity Uganda to PEG molecules these dm -be- used 
for Hmmiy pardoning. This technique is dealt with in detail in Chapter \L 

, 1.4-3 The Chromatographic Steps 
1-4.3.1 Choice of Adsorbent 

; ^ Jl^ /lim information of the chroma lographic behaviour of a protein is" often 
obtained most simply by preliminary analytical ^experiments, e.g.. bv gel filtration 
and by ion -exchange chromatography using salt and pH gradients. In these runs 
approMmatc values of molecular &c and tonic properties such as isoelectric point? are 
obtained, tnfbftnntion that & fundamental , to the further planning of the work A more 
thorough survey: of the behaviour of the protein on various adsorbents can then be done 
wsmg a pane of adsorbent This can be carried out either in a panel of parallel column*' 
or u.^mg tandem column*. 

The parallel column approach has been developed by Scopes'" for a panel of dye 
aUsorbena In. thi*. case' he. used tip to 20 small columns containing; various dye 
adsorbent Thc^eolumns were equilibrated with a predctenmned application or stamnc \ 
buffer. A smalUolumc of the protein extract was applied to each column and the protein 
content (280 : a Sorption) and the activity in the effluent were measured: Then n 
predetermined initialing buffer was applied to each column and again the protein and " 
enzyme actmt y in the cllluem was determined, A column where the bulk of the protein, 
but not the activity, wi» adsorbed was ch^cttas a **mmus<olurnn" while an*d*orhcnt ; 
where the reverse hapfKued ^ dio^n as a -pfus-coluiuir. These two columns in 
combinmum cftectcd n con.Mcntblc punl^iicn of the desired Stance j n the actual 
prcparalioti. tn a.siniilar approach, a panel of parallel columns w„ s used earlier bv/c c 
Shatter" ror evaluation or hydrophobic "adsorbents/ The technique can. however b* 
used fonmy m up of adsorbents such us dtflcrcm ion exchangers, the same ion exchanger 
under di^rcni ^hdltwi^ UriuUgets, incut! -enel;U lug gels. etc The clulion of the columns 
can also he performed wiih more than tw<, cUUion bulfer^ The purpose, however, is to ttc i 
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1 Introduction to Protein Purification 17 

a quick idea of the behaviour of a previously unknown protein and thus the set-up should 
not be enlarged beyond what can be handled easily in the laboratory. 

If the adsorbents used have well defined and continuously increasing adsorption 
capacities for 1 proteins in general the panel can also be arranged as tandem columns. This 
approach was used by Porath and co-workers for the immobilized metal ion (IMAC) 
adsorbents**. Here, three columns (Zn t Fe and Cu eg.) were connected in series and a 
sample was pumped through ail of them. After washing with starting buffer the three 
columns were disconnected and eluted separately, mostly using gradients. The approach 
requires that the first column adsorbs few of the proteins present whereas the last adsorbs 
almost all of them. This technique is not as generally applicable as the use of parallel 
columns. 

1 .4.3.2 The Order of the Chromatographic Steps 

A priori one would expect that the order in which the different chromatographic 
steps are applied in a protein purification protocol is of minor importance. The total 
purification factor should be constant and the product of the factors obtained in each 
individual step should be independent of the other steps of the protocol In the ideal case, 
where each chromatographic technique is utilized optimally with regard to the resolution 
and recovery, i.e., within the linear regions of the adsorption isotherms (see Chapter 2), 
with adequate sampfe volume to column volumo ratios and with no advene viscosity 
effects, this is probably true. However the real-life situations are always far from ideal or 
at least such that adaptation to ideality becomes highly impractical. For example, a 
fractionation gel filtration step can be optimized to give very high resolution (Chapter 3) 
but only at the cost of time and sample volume. To choose fractionation gel filtration as , 
the fmt step when the sample volume might be much larger than the totaj volume of the 
column, means repetitive injections and excessive and impractical total process times, 
which would probably also be deleterious to the proteins in the sample solution- 
Li kewfse, to choose affinity chromatography on immobilized monoclonal antibodies as 
the first step would probably result in an extraordinarily high purification factor. 
However, the high cost of such adsorbents prohibits the use of large columns, which 
make* repeated injections of sample in smaller columns almost mandatory. This leads to 
long process times and the risk of product losses and/or modifications due to proteolytic 
attack. Proteolytic activity can also threaten the stability and life length of the actual 
immunosorbent Furthermore, protein-based adsorbents are difficult to maintain to a 
sufficiently high degree of hygiene. There axe limitations with regard to means for 
regeneration (washing) and sterilization (Chapter 10). This is why they should be saved 
for the later steps of the purification protocol. 

The consequence of these considerations is that there are a number of practical 
rather than theoretical reasons why one should choose certain chromatographic 
techniques 2 * for the early steps and others for the final steps of a protein purification 
process. The choice is primarily governed by the following parameters: (1) the sample 
volume, (2) the pt oiein concentration and viscosity of the sample, (3) the degree of purity 
of the protein product, (4) the presence of nucleic acids, pyrogens and proteolytic 
enzymes in the sample and (5) the ease with which different type* of adsorbent* can be 
washed free from adsorbed contaminants and denatured protein. The last parameter 
governs the life length or the adsorbent and, together with its purchasing price, the 
material cost of the particular purification step. 

In the light of what has been said above, the logical sequence of chromatographic 
.Heps would be to start with more "robust" techniques which combine a concentration 
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Figure I-& Analyst* or the methods of purification used ai successive sups in the purificaiion 
scheme*. The results arc expressed a percentage «f the iotal number oTaiqw at each Stage, 
Adopted fcom rcf. 26 by permission of the authors and publisher. 

effect with high chemical and physical resistance and lew materia] cost The obvious 
candidates arc ion exchange chromatography and to some extern hydrophobic interne- 
Hon chromatography. As the latter often requires the addition o> shJI lor adequate 
protein binding n is preferably applied after salt precipitation or after salt displacement 
from ion exchange chromatography thereby excluding the need for a desalting step. 
1 hereafter, the protein fractions can preferably be applied to a more "specific" and more 
expensive adsorbent. The protocol is often finished with a gel filtration step (Hig, 1-3). 

It is advisable to design the sequence of chromatographic steps in such a way that 
buffer changes and concentration steps are avoided. The peaks eluted from an ion 
exchanger can. regardless of the ionic strength, be applied to a gel filtration column. This 
step also functions as a desalting procedure which means that the buffer used for the gel 
filtration should be chosen so as to allow direct application of the eluted peaks to the next 
chromatographic 8U P . The differeot chromatographics have, in practice, wideJv different 
capHcticveven though it is possible to adapt several of the methods to a larger soak, 
Howcw. in the initial stages of a purification scheme it is most convenient to start with 
the methods that alio* the application* -of large volumes and which have the highest 
capacities. To this category belong, e.g.. ion exchange chromatography and hydrophobic 
interaction, but any adsorption chromatographic method can be used to concentrate 
larger volumes, especially in batchwisc operations. 

1.4.4 The Final Step 

The purpose of the final step is to remove possible agare*atcs or "degradation 
products and to condition the punned protein for its use or slontge. The procedure will 
thus he dtlTcreni depending on the fate of the protein. Aggregates and degradation 
products are preferably removed by gel filtration and if the protein is to he IvophtHwd 



